Introduction
Endocrine therapy has now been used as an effective treatment for breast cancer for 100 years. It was the first successful systemic treatment for cancer, initially becoming accepted following George Beatson's (1896) observations that, in a proportion of pre-menopausal women with advanced breast cancer, bilateral oophorectomy resulted in disease regression. Over the subsequent 75 years, several other endocrine therapies for breast cancer were developed, including other surgical approaches to hormone ablation therapy such as adrenalectomy (Huggins & Dao 1953) and hypophysectomy (Luft & Olivecrona 1953) , and hormonal additive therapies, such as the use of pharmacological doses of androgens, oestrogens, progestogens and glucocorticoids. However, as none of these approaches led to a significant improvement in the rates of tumour regression, clinicians' enthusiasm in the 1960s and early 1970s became focused on the use of newly developing cytotoxic chemotherapy regimens. Then, in the 1970s, tamoxifen, and subsequently a range of other new endocrine agents, became available which were of low toxicity and generally well tolerated -high-dose oestrogens were quickly replaced by tamoxifen, and adrenalectomy by aromatase inhibitors. Measurement of hormone receptor levels also became available, allowing better selection of patients whose tumours might be hormonally responsive. In addition, some of the limitations of cytotoxic drugs in breast cancer were starting to become apparent.
Randomised trials with these new agents, and in particular with tamoxifen, clearly demonstrated the benefit of endocrine therapy in both the adjuvant and metastatic disease settings. The use of such treatments has substantially increased over the last two decades, to the extent that virtually all patients with breast cancer can now be expected to receive at least one form of endocrine manipulation at some point during the course of their treatment.
Despite this progress, there is clearly a need for further improvements in the management of patients with breast cancer in general, and endocrine therapy in particular.
Scope of this review
Endocrine therapies in breast cancer, including mechanisms of action, detailed pharmacology, and the current status of new therapies have been extensively reviewed (Stein et al. 1995 , Howell et al. 1996b . The aim of this review is to discuss a number of topical clinical issues in the endocrine treatment of breast cancer. In particular, we will focus on current issues surrounding the use of tamoxifen in routine practice such as the risk of second malignancies, optimal duration of therapy, and toxicity in long-term treatment. We will also discuss the role of ovarian suppression, and go on to consider new aromatase inhibitors, and combinations of different treatment modalities in the therapy of breast cancer, and the use of hormone replacement therapy in those women with a previous diagnosis of breast cancer. On-going clinical trials of endocrine therapies in breast cancer will also be discussed.
Established endocrine therapies Hormonal manipulation: tamoxifen
Tamoxifen is of proven benefit in the clinical management of patients with breast cancer, both in the adjuvant and metastatic settings. As such, it is the most widely prescribed of the anticancer agents, with at least a million women world-wide taking the drug. The optimal use of tamoxifen in clinical practice, with maximal benefit and minimal toxicity, is still an area of intense investigation, particularly in the adjuvant setting. A large amount of new information has become available recently, answering some questions but also, in some instances, provoking considerable debate.
The latest up-dated overview of tamoxifen in clinical trials has recently been published. The 1998 Early Breast Cancer Trialists' Collaborative Group (EBCTCG) overview analyses data up to 1995 on 36 689 women in 55 trials commenced before 1990, comparing tamoxifen treatment versus no tamoxifen -estimated to be about 87% of the total world-wide evidence. As in the previous, 1992, overview significant reductions in tumour recurrence and in mortality were observed in almost all breast cancer patients: both axillary node-negative and node-positive, and irrespective of age, menopausal status, tamoxifen dose and whether adjuvant chemotherapy had been given. Once again there was a significant trend towards greater benefits from a longer duration of tamoxifen therapy. The previous observations of a reduction in the occurrence of contra-lateral breast cancer, now quantified as being twice as large as the increase in risk of endometrial cancer in tamoxifen-treated patients, were also confirmed. A significant development since the previous overview, however, was a clarification of the importance of oestrogen receptor (ER) status in predicting response to tamoxifen. In the 21% of women studied who had low or zero levels of ER in pathological specimens, the effects of tamoxifen were considerably smaller than in women who had positive, or unknown, ER status.
Optimal duration of therapy
Probably the most controversial issue over recent years has been, and continues to be, the question of the optimal duration of adjuvant tamoxifen therapy. The EBCTCG (1992a,b) overview addressed the issue of tamoxifen duration. The scheduled duration of tamoxifen in the trials analysed varied between 6 months and 5 years, with few trials that directly compared longer with shorter treatment. Conclusions were therefore mainly based on indirect comparisons of results from trials of various durations of tamoxifen treatment versus no treatment. These analyses showed that a period of 2-5 years of tamoxifen therapy was significantly more effective in delaying recurrence and increasing survival than a shorter duration.
The Swedish Breast Cancer Co-operative Group trial (SBCCG 1996) , randomised 3887 post-menopausal women to receive tamoxifen for either 2 or 5 years. At a median follow-up of 5.5 years, there was a statistically significant improvement in both event-free and overall survival in the group which received 5 years of tamoxifen treatment. The benefit associated with the longer treatment extended to women with lymph node-positive as well as lymph node-negative disease, but it appeared to be restricted to women whose tumours were classified as ER positive.
Further support for 5 years' tamoxifen treatment, rather than 2, comes from preliminary data from the Current Trials Working Party of the Cancer Research Campaign's Breast Cancer Trials Group (1996) . Amongst 2937 patients randomised to either stop tamoxifen after 2 years, or to continue to complete 5 years, there was no significant difference in survival at a median follow-up of 2 years, but there was a significant delay in time to relapse in those patients amongst the group randomised to continue tamoxifen therapy to 5 years who had actually completed the full 5 years of tamoxifen at the time of the preliminary analysis.
Further support for longer duration of tamoxifen therapy comes from the EBCTCG 1998 review. Statistically significant trends in reductions in recurrence (21, 29 and 47% for 1, 2 and 'about 5' years on tamoxifen respectively) and mortality (12, 17 and 26% respectively) were seen with increasing duration of therapy, although the authors are careful to point out that, in their analysis, such comparisons are only indirect, as few of the trials analysed were designed specifically to address the optimal duration of tamoxifen therapy.
From these data, it seems clear that 5 years of tamoxifen therapy is superior to 2 years. However, it remains uncertain whether continuing tamoxifen beyond 5 years provides any further benefit. The Scottish Tamoxifen trial (Stewart et al. 1996 ) studied 342 patients with operable breast cancer, randomised at the 5-year point to either stop tamoxifen or to continue for a further 5 years. Median follow-up was for up to 11 years after the commencement of tamoxifen therapy. There were non-significant differences between the two study groups in relapse (with the trend towards relapse being greater in the group continuing tamoxifen: 38 versus 28%), disease-free survival and incidence of endometrial carcinoma (which was also slightly greater in the group continuing tamoxifen). This study therefore concluded that if continuing tamoxifen beyond 5 years is beneficial, the extent of that benefit is relatively modest, and not comparable with the benefits seen in the first 5 years of treatment, and that until more trial data are available, 'there is little to suggest that tamoxifen should be prescribed routinely beyond 5 years'.
The National Surgical Adjuvant Breast and Bowel Project (NSABP) B-14 study of adjuvant tamoxifen in operable primary breast cancer was performed in two phases. The first phase had demonstrated substantial benefits of tamoxifen therapy in breast cancer patients with early stage disease (Fisher et al. 1989 , Fisher & Redmond 1992 . The second phase, investigating discontinuation of tamoxifen therapy after 5 years versus continuation for a further 5 years, to a total of 10 years was, however, terminated when findings from interim analyses indicated no additional benefit from tamoxifen therapy beyond 5 years. Whilst there was no significant difference in survival between those continuing tamoxifen to 10 years and those in whom it was discontinued after 5 years (96% versus 94%; P=0.08), there were statistically significant improvements in disease-free (92% versus 86%; P=0.003) and distant disease-free survival (96% versus 90%; P=0.01) in the group in whom tamoxifen was discontinued after 5 years (Fisher et al. 1996) .
On the basis of the (at that point, unpublished) results of the Scottish and NSABP B-14 trials, the National Cancer Institute (NCI) released a clinical announcement, which stated that these results provided no evidence of benefit for continuing tamoxifen beyond 5 years, and that both trials suggest a greater likelihood of relapse in women who take tamoxifen for greater than 5 years when compared with women who receive 5 years of therapy. They concluded that 'although the NSABP B-14 trial and the Scottish trials provide evidence that continuation beyond 5 years is not beneficial, the optimal duration of adjuvant tamoxifen treatment still remains to be determined' and that while awaiting results of further trials, 'all available evidence indicates that 5 years of tamoxifen is a reasonable standard for the adjuvant setting' (National Cancer Institute 1995) . This announcement sparked considerable discussion and debate at the time.
However, following the NCI announcement, the Eastern Co-operative Oncology Group (ECOG) published their results from a randomised trial performed to assess the efficacy of maintaining tamoxifen therapy beyond 5 years in 194 women with axillary lymph node-positive breast cancer who had been treated with surgery followed by 1 year of chemotherapy and 5 years of tamoxifen (Tormey et al. 1996) . No statistically significant differences were noted in either time to relapse or survival between women continuing tamoxifen and those stopping after 5 years. The size of this study means that it does not have sufficient power to detect small differences in outcome, but, clearly, the equivalent relapse-free survival figures contrast with the NSABP B-14 findings. There is, therefore, as yet, insufficient data to answer the question regarding therapy for longer than 5 years.
Although longer follow-up of the Scottish, NSABP B-14 and ECOG trials may help, in part, to answer the question, what is needed is further trials of large numbers of women, randomly assigned to different tamoxifen durations (Peto 1996) . Clinicians are, therefore, being encouraged to enter patients into two large, ongoing international studies.
The Adjuvant Tamoxifen: Longer Against Shorter (ATLAS) trial randomly assigns patients who have any duration of tamoxifen treatment (with 2 years being recommended but not essential) to either stop tamoxifen or to receive it for a further 5 years. A related trial, the Adjuvant Tamoxifen Treatment -Offer More? (aTTom) trial recruits post-menopausal patients with breast cancer who have received 2 or more years of tamoxifen therapy and randomly assigns them to either stop tamoxifen treatment or to continue it for a further 3 years. Recruitment targets of 8000 women in the UK (in aTTom) and 20 000 world-wide (in collaboration with the ATLAS trial) are intended to generate sufficiently powerful data reliably to answer the question as to the optimum duration of tamoxifen therapy. Between October 1995 and October 1997, 2456 women have been randomised within the aTTom trial, at 94 centres in the UK, towards the target of 8000. It will, therefore, be several years before we can provide any definite answers to the question of whether more than 5 years of adjuvant tamoxifen treatment will result in better long-term survival. However, the question must be answered reliably, as even a small benefit in a disease as common as breast cancer could lead to a substantial number of lives being saved.
Risk of second malignancies with tamoxifen use
The carcinogenic potential of tamoxifen has caused considerable concern. It remains an important issue, as its widespread usage means that even a very small increased percentage risk would affect a large number of women, including women with early disease and, hence, high cure rates. Healthy women in chemoprevention trials (see below) would also be at risk.
Tamoxifen has been shown to be carcinogenic in rats (Greaves et al. 1993 , Hard et al. 1993 , Williams et al. 1993 , with high doses shown to produce liver tumours. In humans, there is now an accepted association between tamoxifen use and an increased risk of endometrial cancer, but as yet no definite association with an increased risk of any other malignancies (Jordan 1995b , Barakat 1996 . Endometrial carcinoma In the mid 1980s, a number of authors reported the occurrence of endometrial cancers in patients with breast cancer receiving tamoxifen (Killackey et al. 1985) . The strongest data initially linking tamoxifen use and the subsequent development of endometrial cancer was the Stockholm trial (Fornander et al. 1989) . They found a relative risk of endometrial cancer of 6.4 in 931 tamoxifen-treated patients compared with 915 controls. In the NSABP B-14 study (Fisher et al. 1994) , there were 23 cases of endometrial cancer in the tamoxifentreated groups, compared with 2 in the placebo group. However, the authors concluded that the benefit of tamoxifen therapy for breast cancer outweighed the potential increase in endometrial cancer.
An analysis of the combined data from three large Scandinavian breast cancer trials (the Stockholm trial, the Danish Breast Cancer Group Trial and the South-Swedish Trial) has confirmed the relationship between tamoxifen use and the development of endometrial cancer. These studies included a total of 4914 patients with a median follow-up of 8-9 years (Rutqvist et al. 1995) . A statistically significant increase in endometrial cancers among tamoxifen-treated patients was found, with a relative risk of 4.1.
A highly statistically significant increase in the incidence of endometrial carcinoma in women taking tamoxifen was also seen in the EBCTCG 1998 review. On the basis of the 124 cases of endometrial cancer occurring in women in the trials analysed, they estimate a doubling of the risk of endometrial cancer in women taking tamoxifen for 1 or 2 years, and a quadrupling of the risk in women on about 5 years of tamoxifen. They do stress, however, that this is outweighed by a reduction in the incidence of contra-lateral breast cancer in women taking tamoxifen which is approximately double the increase in endometrial cancer. Assikis et al., (1996) have reviewed the world literature between 1984 and 1995 regarding tamoxifen and endometrial cancer, including case reports, case control studies and randomised trials in which the issue of second malignancy was addressed prospectively. They found reports of 349 endometrial carcinomas in women taking tamoxifen for breast cancer. They estimate a definite, low increase of two-to threefold in the risk of endometrial cancer in women taking tamoxifen, but point out that the publicity surrounding the association between endometrial cancer and tamoxifen use may produce a selection bias, with treated patients being more likely to be investigated by a gynaecologist.
The link between tamoxifen use and the development of endometrial cancer is, therefore, now widely accepted. Several other factors are less clear. With respect to possible pathogenesis, it is known that oestrogen use increases the incidence of endometrial cancer in postmenopausal women (relative risk=2.3 for oestrogen users versus non-users, Grady et al. 1995) , and that tamoxifen therapy increases the likelihood of finding oestrogen-like effects in the uterus. Therefore, it is likely that the oestrogenic effects of tamoxifen on the uterus contribute to its carcinogenic potential. This raises the possibility that this risk may be avoided by the use of new 'pure' antioestrogens (see Table 1 and 'Emerging endocrine therapies' below). 
Gastrointestinal tumours
The finding of an increase in liver tumours in rats that received tamoxifen (albeit at doses 20-100 times those used in humans) and a report of 2 liver tumours in 931 patients who received 40 mg tamoxifen per day compared with no tumours in 915 control patients (Fornander et al. 1989) caused considerable concern regarding the risk of development of such tumours in tamoxifen-treated women. However, on the basis of the results from a number of subsequent studies which have shown no evidence that tamoxifen use is associated with an increased incidence of liver tumours, the evidence would appear to suggest that, in fact, this is neither clinically nor biochemically relevant (Jordan 1995a) . Both the Stockholm trial (Rutqvist et al. 1993) , and joint analysis of the three Scandinavian groups referred to above (Rutqvist et al. 1995) showed an excess of gastrointestinal tumours in tamoxifen-treated patients. Most of this excess involved colorectal cancers and stomach cancer. There was no substantial increase in any other type of gastrointestinal cancer (including liver cancer). However, much doubt has subsequently been cast on the reliability of this data and on the analytical methods used (Jordan 1995a , Simon 1995 . Several other studies, including the NSABP B-14 trial (Fisher et al. 1994 (Fisher et al. , 1996 did not demonstrate a significant increase in second tumours at any site other than the endometrium. Other malignancies: the Surveillance, Epidemiology and End-Results programme On a larger scale, the risk of second cancers among 87 323 women with breast cancer has been evaluated in the Surveillance, Epidemiology and End Results (SEER) programme (Curtis et al. 1996) . The results of this study are important, in that they are derived from a very large cohort of patients and are in keeping with results obtained from smaller trial data. However, it should be noted that, in the SEER data, there is a significant lack of detailed information on individual patients' initial or subsequent treatment. As a result, the 'tamoxifen group' represents a subgroup of women considered most likely to have received tamoxifen as part of their initial therapy for early stage disease. The authors have estimated that 90-95% of the 'tamoxifen group' were actually treated with the drug. Also, few women were followed-up for more than 10 years, and there is an absence of data on other risk factors for second tumours (e.g. oestrogen use). Noting these limitations, patients with breast cancer initially treated with tamoxifen did develop second cancers at a slightly higher rate than expected in the general population, but identical to that experienced by breast cancer patients with no tamoxifen or unknown therapy.
Interestingly, the SEER programme demonstrated a decreased risk of contra-lateral breast cancer in the tamoxifen group versus the no tamoxifen/unknown group.
The 1998 EBCTCG overview has confirmed and quantified this, with proportional reductions in the incidence of contra-lateral breast cancer of a massive 47% in women taking tamoxifen for 5 years. Such data support the conclusion that tamoxifen might have a role in breast cancer prophylaxis (see below).
The SEER study confirmed the increased incidence of endometrial carcinoma in patients treated with tamoxifen. The actuarial risk of uterine cancer among postmenopausal women after adjuvant tamoxifen was 1.8% at 10 years, compared with 0.9% in the general population. However, cancers of the colon, rectum, and stomach were not in excess following tamoxifen therapy. Again, support comes from the 1998 EBCTCG overview, which showed no apparent effect on the incidence of any other cancer, other than endometrial and contra-lateral breast cancers, and including colorectal carcinoma.
Other long-term treatment issues
In breast tissue, tamoxifen has a predominantly antioestrogenic role. In most other tissues, however, its properties are mostly agonist, oestrogenic effects. As in the case of oestrogenic hormone replacement therapy (HRT), tamoxifen has been shown to have both beneficial and detrimental effects on general health in postmenopausal women via its agonist effects in non-breast tissues. These may have particular significance in its use in the adjuvant setting or in chemo-prevention trials.
Cardiovascular disease risk
Conflicting data has come from the trials of adjuvant therapy for early breast cancer regarding a possible effect on the rate of cardiovascular deaths for women receiving tamoxifen. Most trials, including the NSABP B-14 trial (Fisher et al. 1996) have not reported a significant difference in the death rate from cardiovascular disease between tamoxifen-treated groups and controls. However, the Scottish adjuvant tamoxifen trial (McDonald & Stewart 1991 ) reported a significant reduction in the incidence of fatal myocardial infarction in post-menopausal women receiving tamoxifen as compared with control patients. A subsequent cohort study linked this trials database and statistics of Scottish hospital in-patients to identify reports of cardiac and vascular morbidity. In this analysis, tamoxifen use was also associated with lower rates of myocardial infarction (McDonald et al. 1995) .
Similar results were seen in the Stockholm tamoxifen trial (Rutqvist et al. 1993) , but the reduction in cardiac deaths did not reach statistical significance because of the small number of deaths occurring in their sample.
A potential mechanism for any putative protective effect for tamoxifen in cardiovascular disease may be suggested by two studies (Love et al. 1990 showing alterations in cholesterol metabolism, producing reduced low density lipoprotein:high density lipoprotein ratios.
Bone mineral density With both oestrogenic and antioestrogenic effects, tamoxifen has the potential to influence bone turnover. As with hormone replacement therapy, agonist activity can potentially protect against bone loss. However, anti-oestrogenic action can result in bone mineral loss and possibly, therefore, increase the risk of osteoporosis. The exact effect of tamoxifen on bone mineral density (BMD) has not yet been clearly defined, particularly with regard to the long-term risks or benefits. For now, it remains unclear whether tamoxifen has any effect on fracture rates during long-term follow-up. There has also been very little evaluation of its effects in premenopausal women.
Relatively recent data have suggested that adjuvant tamoxifen, at doses of 20-30 mg/day over 2 years, is associated with an increase in BMD in the lumbar spine (Love et al. 1988 , Kristensen et al. 1994 . However, the effect may be different in pre-and post-menopausal women. As part of a placebo-controlled tamoxifen chemoprevention trial , BMD in the lumbar spine and hip was evaluated using dual-energy-X-ray absorptiometry (DEXA). It suggested contrasting effects of tamoxifen in healthy pre-menopausal and post-menopausal women. Tamoxifen was shown to cause a reduction in BMD in pre-menopausal women, but an increase in post-menopausal patients. Most of these changes occurred in the first and second year of tamoxifen usage, and by the third year there seemed to be some stabilisation of BMD.
Thrombo-embolic disease Recent data from adjuvant trials have confirmed the previously noted increased incidence of thrombo-embolic events in patients treated with tamoxifen compared with controls, but suggested that the overall incidence of such events remains relatively low. A retrospective review of the Scottish trial data (McDonald et al. 1995) reported that hospital admissions for deep venous thrombosis and pulmonary embolus were increased for patients allocated tamoxifen compared with controls, and this is significant when current users are compared with non-users. Similar findings came from the NSABP B-14 study (Fisher et al. 1996) , in which embolic phenomena, deep venous thrombosis and hospitalisation all occurred more often in the tamoxifen-treated group than in the placebo group.
Ocular effects of tamoxifen
Tamoxifen is known to have the potential to cause a range of ocular damage, including corneal changes, cataracts and retinopathy. However, a recent review (Nayfield & Gorin 1996) concluded that ocular toxicity is uncommon in the current clinical setting of long-term, low-dose tamoxifen use.
Summary of long-term treatment issues
Overall, recent findings have led to a general acceptance of an association between tamoxifen use in humans and an increased risk of endometrial cancer, although several important issues regarding this increased risk need further clarification. There is also a definite reduction in the incidence of contra-lateral breast cancer associated with tamoxifen use, which appears to outweigh the increased risk of endometrial cancer. At the present time there is no definite association with an increased risk of any other malignancy. Peto (1996) has stated 'there is no good evidence that any causes of death other than breast cancer or endometrial cancer are affected by tamoxifen'. The 1998 EBCTCG overview concurs: 'Tamoxifen had no apparent effect.., after exclusion of deaths from breast or endometrial cancer, on any of the other main categories of cause of death'. What is clear is that, when the potential benefits of its oestrogen agonist properties, such as an improved lipid profile and increased bone mineral density, are considered, the benefits of tamoxifen therapy in breast cancer patients far outweigh any risks associated with the treatment, including the risks of second cancers.
Tamoxifen in chemo-prevention trials Several trials are under way in Europe and North America where tamoxifen is administered to patients who do not have breast cancer, but who have a family history of the disease, in the hope of avoiding subsequent development of the disease. The rationale for this is based primarily on the combined evidence from eight trials (reviewed in Nayfield et al. 1991) , and confirmed by results of the SEER study mentioned above, that women with breast cancer and treated with adjuvant tamoxifen have a 35% reduction in the risk of subsequently developing breast cancer in the contra-lateral breast. Furthermore, trials of tamoxifen in an adjuvant setting have demonstrated that it is better to give tamoxifen early, rather than waiting for disease recurrence (Breast Cancer Trials Committee: The Scottish Trial 1987).
In April 1998, only 7 months after completing recruitment, the National Cancer Institute of the USA released data on the internet on the 13 388 high-risk women participating in the NSABP's Breast Cancer Prevention Trial (BCPT), 14 months earlier than scheduled. At a maximum follow-up of six years, there were significantly fewer incidences of new breast cancer in the tamoxifen group (85 cases), compared with the placebo control group (154 cases) -a reduction of 45%. Similar reductions were seen in all age groups. There were also fewer diagnoses of ductal carcinoma in situ (DCIS). Increased incidence of endometrial carcinoma (33 versus 14) and thromboembolic disease (47 versus 25) were also seen in the tamoxifen group. To date, there has been no significant difference in the incidence of myocardial infarction, but there has been a reduction in the number of bone fractures. In view of the magnitude of this result, the monitoring committe felt ethically obliged to release data, so that those taking the placebo could 'cross-over' to tamoxifen and gain its apparent benefits.
Controversy has followed the announcement, as the data are immature, with only a relatively short period of follow-up so far. For this reason, it has been decided that the parallel International Breast Cancer Intervention Study (IBIS), whose design is similar to the NSABP BCPT, should continue recruiting as planned. As of 1st April 1998, the trial had recruited 4500 out of a planned 7000 patients, and recruitment is expected to be completed around the year 2000.
If the IBIS trial confirms the initial suggestions from the BCPT, then this, of course, raises the question as to whether this is sufficient to justify the risks of tamoxifen toxicity in the many women receiving tamoxifen who would not develop breast cancer.
There are various ways around this ethical dilemma. The strategy adopted by the BCPT and IBIS trials is not to treat all healthy women, but to target women at particularly high-risk of breast cancer, such as post-menopausal women with a strong family history of breast cancer. Another is the development of other, new anti-oestrogens with a better toxicity profile than tamoxifen (see below).
Ovarian suppression
The role of ovarian ablation in the adjuvant setting was first evaluated in randomised trials in the 1950s, but it took until the early 1990s before its potential importance in routine clinical practice became clear. In the EBCTCG's first overview (1990), ovarian ablation data were incomplete, and the results of several small trials were inconsistent. The emphasis in adjuvant therapy was, therefore, on tamoxifen and chemotherapy. However, in the EBCTCG's 1992 overview, a meta-analysis of 4000 women in 12 trials which had commenced before 1985, a clear role for ovarian suppression in the adjuvant therapy of pre-menopausal women with breast cancer became clear.
The 1992 review showed that, in 1746 women under the age of 50 years, ovarian ablation resulted in a 26% reduction in the annual rate of recurrence and a 25% decrease in the annual rate of death. Ovarian ablation in this group produced significant mortality reductions both during treatment and up to 9 years of follow-up. The effect of ovarian suppression appeared to be somewhat smaller in the presence than in the absence of cytotoxic chemotherapy, but this difference was not statistically significant, and even in the presence of cytotoxic chemotherapy ovarian ablation still significantly reduced both recurrence and mortality. Conversely, for 1326 women over the age of 50 ovarian ablation had no significant effect on either recurrence-free or overall survival.
The EBCTCG has subsequently published its updated overview of the randomised trials of ovarian ablation in early breast cancer, after 15 years follow-up (EBCTCG 1996) . This now includes data from 12 of the 13 studies that assessed ovarian ablation by irradiation or surgery, all of which began before 1980 (four studies which assessed ovarian suppression by drugs, all of which began after 1985, were not included in the analysis). Among 2102 women aged under 50 at the time of randomisation, 15-year survival and recurrence-free survival were significantly improved among those allocated ovarian ablation. In the 1354 women aged 50 or over when randomised, similar trends were seen, but these did not reach statistical significance.
Although the 1992 overview showed a similar benefit for chemotherapy and ovarian ablation separately, these effects did not appear additive. In the 1996 review, the risk reduction produced by ovarian ablation appeared to be smaller in the presence of additional cytotoxic chemotherapy (i.e. in patients who received ablation plus chemotherapy rather than chemotherapy alone), possibly because (at least part of) the benefit of chemotherapy might be via suppression of ovarian function. However, the numbers involved in making such indirect comparisons were acknowledged by the authors to be too small to be statistically reliable.
The authors of the 1996 overview concluded that ovarian ablation significantly improved long-term survival in women less than 50 years of age, at least in the absence of chemotherapy, but that further trials' data were necessary to establish the additional benefits of ovarian ablation when used in combination with other adjuvant treatment modalities.
The exact role of ovarian ablation in the routine clinical management of women less than 50 years old thus remains unclear, despite the results of the 1996 overview. Further information will be available over the next few years which should assist in defining the role of ovarian ablation/suppression in the adjuvant therapy of early breast cancer. Longer follow-up of trials used for the 1996 EBCTCG overview, as well as results from trials begun more recently will be available for the next EBCTCG overview in 2000. This will also include trials of ovarian suppression with luteinizing hormone releasing hormone agonists, including more than 3000 women. However, additional randomised trials are required to help to define further the role of ovarian ablation in the management of early breast cancer, and to address a number of still unanswered clinical questions, including comparisons of the combination of ovarian suppression and chemotherapy with either modality alone, and also the effects of adjuvant ovarian ablation in patients already taking tamoxifen, and the relevance of hormone receptor measurement to outcome following treatment.
One trial designed to answer some of these questions is the United Kingdom Central Co-ordinating Committee for Cancer Research (UKCCCR) adjuvant breast cancer (ABC) trial, which was launched in 1993. Within the trial all patients are treated with prolonged adjuvant tamoxifen (5 years is currently recommended, however patients may also be entered into trials of tamoxifen duration if felt appropriate). If uncertainty exists as to whether pre-or peri-menopausal women should receive chemotherapy and/or ovarian suppression, in addition to tamoxifen, the clinician is free to offer randomisation to one or both options -i.e. patients may be randomised between chemotherapy and no chemotherapy, or between ovarian suppression versus no ovarian suppression, or may enter both randomisations. In post-menopausal women the randomisation is between tamoxifen alone and tamoxifen plus chemotherapy. The aim is to accrue sufficient patients (approximately 2000 in each arm of the study) to detect a 5% difference in survival between arms of the study. As of 31st October 1997, 2925 patients, out of a planned total of 6000, had been accrued.
Emerging endocrine therapies
With the proven efficacy of tamoxifen, much attention has been focused on producing even better hormonal therapies for breast cancer. In particular, investigators have searched for agents with improved therapeutic ratio, with even better efficacy but lower toxicity, particularly a lower risk of second malignancy. Recent interest has focused on two particular types of agent: anti-oestrogens other than tamoxifen, and aromatase inhibitors.
New anti-oestrogens
There are two classes of anti-oestrogens: the non-steroidal agents, which include tamoxifen, and steroidal or 'pure' anti-oestrogens.
One randomised controlled trial of 648 postmenopausal patients with metastatic breast cancer suggests that the non-steroidal anti-oestrogen toremifine might represent an alternative to tamoxifen as a first-line endocrine agent, showing no less efficacy, as measured by objective response rate, overall survival or disease-free survival, but inducing less nausea (Hayes et al. 1995) .
The most promising of the 'pure', steroidal antioestrogens is faslodex (formerly known as ICI 182 780), an oestradiol derivative which acts via a novel mechanism involving destruction of newly-synthesised oestrogen receptors and does not show cross-resistance with tamoxifen. It has been investigated as a second-line hormonal therapy in 19 post-menopausal women with metastatic breast cancer, following tamoxifen failure (Howell et al. 1996a,b) , achieving a 37% partial response rate, and stable disease in a further 32%. Median duration of response was 25 months, raising the possibility that faslodex may lead to longer durations of response than tamoxifen and progestogens. However, this was only a small trial, and published clinical experience of the drug is still limited.
In a review of various new endocrine therapies, Howell et al. (1996) concluded that none of the new antioestrogens showed greater efficacy than tamoxifen, while the non-steroidal type were similar in terms of toxicity, and the steroidal type slightly less toxic. The non-steroidal anti-oestrogens, with partial agonist activities similar to tamoxifen, do, however, have the potential for beneficial cardiovascular and skeletal effects. Gradishar and Jordan (1997) have reviewed several new anti-oestrogens, and conclude that while several of these are promising, there is, thus far, insufficient clinical experience with any of the new agents to advocate any of them as a replacement of tamoxifen at present.
Aromatase inhibitors
Aromatase inhibitors are a class of compounds which are already beginning to replace progestogens as second-line endocrine therapy following tamoxifen failure in postmenopausal patients with advanced disease, and are currently undergoing trials as alternatives to tamoxifen in first-line adjuvant therapy.
The mechanism of action of the aromatase inhibitors differs from that of tamoxifen. Biosynthesis of oestrogen occurs in a process in which the male sex hormones, androgens, are converted to female sex hormones, oestrogens. In pre-menopausal women, this occurs principally in the ovaries. In post-menopausal women, however, peripheral conversion of circulating androstenedione to oestrone and subsequently to oestradiol occurs in peripheral tissues via a different pathway, involving an aromatase enzyme complex which is localised in tissues such as fat (including fatty tissues of the breast, and breast tumours), liver, muscle, and in the brain. In post-menopausal women, this aromatase enzyme complex is not affected by a feedback mechanism, and therefore its inhibition can cause a significant decrease in tissue oestrogen levels.
The first aromatase inhibitor to be used therapeutically in the management of patients with breast cancer was aminoglutethimide. Originally developed as an anticonvulsant, but found to have the adverse effect of inducing adrenal insufficiency, it was introduced as a medical alternative to surgical adrenalectomy in postmenopausal patients and shown to be as effective as surgical ablation in a randomised trial (Santen et al. 1981) . Subsequent randomised trials showed it to be just as effective as tamoxifen in the treatment of metastatic breast cancer in post-menopausal women. Despite this demonstration of its efficacy in advanced breast cancer, it had profound side-effects including lethargy, dizziness, skin rashes, and thyroxine synthesis blockade.
In an attempt to achieve efficacy at least as good as aminoglutethimide, but without the debilitating toxicities, a number of new aromatase inhibitors with better therapeutic indices have been developed (see Table 1 ), and several of these have recently become available for routine clinical use. Like the new anti-oestrogens mentioned above, these are of two basic types: steroidal and nonsteroidal.
Formestane (4-hydroxyandrostenedione, 4-OHA) is a steroidal aromatase inhibitor, 30-60 times more potent than aminoglutethimide. It was the first of the second generation aromatase inhibitors to become commercially available for the treatment of patients relapsing on tamoxifen. In a randomised, controlled trial, formestane produced response rates equivalent to tamoxifen (Goss & Gwyn 1994 ). However, due to its conjugation by first-pass metabolism in the liver, it requires intra-muscular injection every 2 weeks.
Of the newer aromatase inhibitors, the most widely used orally administered drug, at present, is anastrozole. It is a non-steroidal compound which combines potency (100-150 times more potent than aminoglutethimide) and high selectivity for aromatase with no discernible effects on adrenal function at the maximally effective aromatase inhibiting doses.
Two phase III studies comparing anastrozole (1 and 10 mg once daily) with megestrol acetate (40 mg four times daily) in post-menopausal women with advanced breast cancer, and whose disease had progressed following tamoxifen treatment, have recently been conducted. These two independently conducted trials were of the same protocol design which has allowed a combined analysis of the data to be performed (Buzdar et al. 1996) . The combined analysis included results from 764 randomised patients, with median duration of follow-up of approximately 6 months. Approximately one third of patients in each group benefited from treatment. Anastrozole and megestrol acetate were both well tolerated. Gastrointestinal disturbance was significantly more common among patients in the 10 mg anastrozole dose group, but not in the 1 mg dose group. Weight gain was significantly less with anastrozole at both dose levels than with megestrol acetate.
Updated results from this combined analysis have recently been presented at the 33rd Annual Conference of the American Society of Clinical Oncology. Significant improvement in median and two-year overall survival has been seen, comparing anastrozole (1 mg)-and megestrol acetate-treated groups. The individual studies were consistent in each demonstrating a lower risk of death on anastrozole (both 1 mg and 10 mg doses) compared with megestrol acetate.
As a result of such studies, aromatase inhibitors are now beginning to replace progestogens as second-line therapy in patients who have relapsed on tamoxifen therapy. Two recently published trials (Falkson & Falkson 1996 , Thurlimann et al. 1996 have investigated the second generation aromatase inhibitor, fadrozole, not just as second-line endocrine therapy, but as an alternative to tamoxifen as first-line therapy in post-menopausal women with advanced disease (reviewed in Cocconi 1996) . In the larger study (Thurlimann et al. 1996) , there were equivalent (though surprisingly low, in absolute terms) response rates. Duration of response was also similar in the two treatment arms. However, tamoxifen was superior in terms of time to treatment failure (though this did not reach significance when adjustment was made for prognostic factors), while fadrozole had significantly lower toxicity. The other study (Falkson & Falkson 1996) had slightly conflicting conclusions. Again, efficacy was similar in the two arms, but there was no significant difference in time to treatment failure or toxicity. Overall, the conclusion is that fadrozole represents an agent with good efficacy and tolerability, but it has not proved superior to tamoxifen as a first-line agent.
Randomised trials are also on-going to assess anastrozole as first-line therapy both in advanced disease, and in adjuvant therapy for early disease. The TARGET (Tamoxifen versus Arimidex Randomised Group Efficacy and Tolerability) trial compares anastrozole with tamoxifen as first-line therapy in advanced disease, where 'firstline' includes both those patients who have never received tamoxifen and those who completed tamoxifen therapy more than 12 months previously. In the adjuvant setting, the ATAC (Arimidex and Tamoxifen, Alone and in Combination) trial compares anastrozole, either alone or in combination with tamoxifen, with tamoxifen alone, as first-line endocrine therapy for post-menopausal patients.
Letrozole is a third-generation aromatase inhibitor which does not significantly suppress aldosterone or cortisol production. The results of a phase III trial comparing letrozole (at two different doses) with megestrol acetate in post-menopausal women with advanced disease, have recently been published (Dombernowsky et al. 1998) . In the 551 patients randomised, there was a statistically significantly higher response rate in favour of letrozole, at a dose of 2.5 mg, compared with megestrol acetate. Time to progression was also significantly pro-longed. Significantly more patients on megestrol acetate than on either dose of letrozole had serious drug-related adverse or weight gain. A trial involving letrozole as first-line therapy, versus tamoxifen, analogous to the use of anastrozole in the ATAC trial above, is also planned.
There are currently no clinical data comparing the new generation aromatase inhibitors with one another, although a trial comparing letrozole with anastrozole is planned.
Oestrogen receptor status
The efficacy of endocrine therapies such as tamoxifen and ovarian suppression, both in the adjuvant treatment of early breast cancer and in treatment of advanced (metastatic) disease is clear. The quality and duration of responses achieved are amongst the best produced by any form of therapy. It is therefore important that patients likely to benefit from endocrine therapy are identified reliably. Equally it is important to identify patients who will not benefit from hormone manipulation, so that therapy can be more effectively targeted, and so that patients who will not benefit can be spared potentially toxic treatments.
The 1998 EBCTCG overview of tamoxifen therapy has highlighted the importance of hormone receptor measurement as a determinant of response to tamoxifen therapy. The 1992 overview had already pointed to a much smaller benefit from tamoxifen therapy in women whose tumours were 'ER-poor', and that variability in the methodology of ER assays between trials must inevitably include some false negatives i.e. some of the responses seen in 'ER-poor' patients might, in fact, be in women who are actually ER-positive, but whose ER status was measured by insufficiently sensitive methods. In other words, the apparent benefit in ER-poor patients might be an over-estimate.
The 1998 EBCTCG overview takes the disparity in response between ER-positive and ER-poor tumours further. Its results indicate that there is no clear evidence of benefit in women whose tumours are 'ERpoor', with no apparent effect of 5 years' tamoxifen on recurrence or mortality. Although the authors emphasise the need for further research into the use of tamoxifen in ER-poor tumours, an argument can thus be made for not treating the ER-poor group with tamoxifen. On this basis, a false negative ER assay, resulting in tamoxifen therapy being inappropriately withheld, is potentially seriously dis-advantageous, as even those with small amounts of ER may benefit from tamoxifen. Thus, if the decision to administer tamoxifen is to be based upon ER assays, it is literally vital that the assay be as sensitive as possible.
Early ER assays involved a biochemical method, the dextran-coated charcoal assay (DCCA), requiring separation of cytosol from homogenised tumour preparations. This assay can produce an over-estimate of the ER-poor group, if non-representative areas of the tumour are used. Subsequently, ER assays have been developed which involve immuno-histochemical, rather than biochemical, assessment of ER content. These ER immunohistochemical assays (ERICAs) can be performed on formalin-fixed tumour slices, allowing confirmation that ERs are actually present on cells with a malignant phenotype. Although there has been considerable debate as to the relative merits of the two types of assay, ERICAs are becoming increasingly accepted as the method of choice for determination of ER status. Although criticism has been levelled at ERICA results, on the grounds that results are only semi-quantitative, involving subjective assessments of staining, Barnes et al. (1996) demonstrated that any one of six different scoring systems produced superior results to a ligand-binding cytosol assay (performed many years previously on the same tissue samples) when used to predict clinical outcome in women with metastatic breast cancer. Alberts et al. (1996) compared the ER status of 316 women entered into two adjuvant chemotherapy trials, as assayed by both DCCA and ERICA methods, finding a 21% discordance rate between the two types of assay, particularly in pre-menopausal women, and concluded that immuno-histo-chemistry may more accurately reflect the true ER status of malignant cells. In the light of the EBCTCG 1998 overview, therefore, the ERICA assay may be of importance in accurately determining those most likely to benefit from hormonal therapies.
Hormone replacement therapy and breast cancer
There are two important, but separate, issues with respect to HRT in patients with breast cancer. The first concerns the use of HRT and the risk of subsequently developing breast cancer, and the second is the use of HRT in women with a personal history of breast cancer.
Several meta-analyses of the published literature up to 1996 (reviewed in Helzlsouer et al. 1996 and Roy et al. 1996) consistently suggested that 'ever use' of hormones was not associated with a significant increase in the risk of breast cancer, and that duration of oestrogen use was only weakly associated with breast cancer. However, the Collaborative Group on Hormonal Factors in Breast Cancer (1997) have now published a meta-analysis of data from 160 000 women which incorporates 90% of the epidemiological evidence pertaining to HRT use and the risk of breast cancer world-wide. They concluded that there was a statistically significant increased risk of breast cancer being diagnosed in women who were currently receiving HRT, or who had ceased using it 1-4 years before diagnosis (relative risk 1.35), that the increase was greater with increasing duration of use (relative risk increase of 2.3% per year of use, compared with those who had never used HRT), and that discontinuation of use resulted in almost complete disappearance of the excess risk within 5 years of discontinuation of HRT.
Of course, the risk of developing cancer, and breast cancer in particular, is only one aspect of HRT. Other factors include the relief of menopausal symptoms and quality of life issues, and long-term effects of HRT such as the possible protection from cardiovascular events and reduced rate of bone mineral loss over time and the consequent potential reduction in osteoporotic fractures. Therefore, any risk of breast cancer must be balanced by the expected benefit in any individual.
The use of HRT in women with a personal history of breast cancer remains controversial. Traditionally it has been thought inappropriate for such individuals to receive HRT, predominantly due to concerns that such therapy may increase their risk of developing a recurrence of their breast cancer. These concerns are based on a number of issues: the likelihood that oestrogen is implicated in the aetiology of breast cancer; the fact that a significant proportion of breast cancers have receptors for oestrogen, which might therefore stimulate proliferation of tumour; the continuing concerns regarding the use of HRT and an individual's subsequent risk of developing breast cancer; and that ovarian ablation and anti-oestrogenic drugs are effective in both adjuvant treatment and the treatment of metastatic disease.
However, others have argued against prohibiting the use of HRT in women with a previously treated breast cancer on a number of grounds, particularly the lack of definite clinical evidence that the use of HRT results in a worse outcome (the Collaborative Group on Hormonal Factors in Breast Cancer (1997) states that, 'without follow-up information, it is not possible to know whether or not long-term use of HRT affects mortality from breast cancer'), and that such treatment may greatly improve the quality of life of a proportion of women with breast cancer whose menopausal symptoms cannot be well controlled by other means.
Given that, with current screening programmes, more women are being diagnosed and treated with very early breast cancer with a very good natural history, that (in line with the recently published recommendations of the NSABP-B20 trial investigators, who demonstrated a reduced risk of breast cancer recurrence in node-negative, oestrogen receptor-positive breast cancer patients treated with chemotherapy and tamoxifen, compared with tamoxifen alone -Fisher et al. 1997) adjuvant chemotherapy is increasingly being used in women with node-negative as well as node-positive patients, and that a number of recent reports of the use of HRT in such patients, while not demonstrating definite safety, have not suggested a significant detrimental effect with respect to recurrent carcinoma, a number of investigators have begun formally to address this question. A recent review (Roy et al. 1996) discussed three published series of women with breast cancer who had received HRT for the relief of menopausal symptoms (Stoll & Parbhoo 1988 , DiSaia et al. 1993 , Powles et al. 1993 , and two case control studies , Cobleigh et al. 1994 . Although these small reports suggested that HRT can control menopausal symptoms in women with breast cancer without any dramatic increase in breast cancer, the authors concluded that the reports, in which the total number of women is small and the follow-up relatively short, illustrated the fact that data regarding HRT in women with breast cancer are scarce and that any observations must be viewed as preliminary until larger randomised studies have been performed.
Such trials, and trials of HRT in combination with other therapies, are currently being proposed (Roy et al. 1996 , Holmberg 1996 ). An example is a Scandinavian Breast Group, International Breast Cancer Study Group and Cancer Research Campaign collaboration which has proposed a study protocol randomising symptomatic women with a personal history of breast cancer and who have completed other treatment, to HRT or to best available symptomatic treatment without hormones.
Current recommendations and likely future directions
Hormonal therapies have long been accepted to be amongst the most successful treatments for breast cancer. Tamoxifen has a clearly proven role in the adjuvant treatment of early breast cancer and in the management of metastatic breast malignancies in both pre-and postmenopausal ER-positive women. Some issues related to the optimum use of tamoxifen, particularly the duration of therapy, and its role in ER-poor tumours, remain to be resolved, and mature data on the use of tamoxifen in prevention are awaited. For the time being, tamoxifen remains the drug of choice in first-line endocrine management, although newer anti-oestrogens, potentially with improved therapeutic indices, are being developed. Aromatase inhibitors have now largely replaced progestogens as second-line therapy in post-menopausal women, and some are sufficiently promising that they are now undergoing trials against tamoxifen as first-line therapy in both early and advanced breast cancer. The benefit of ovarian suppression in pre-menopausal women is now clear, but further data are necessary to determine its exact role in combination with other adjuvant therapies. Active participation in on-going trials of both existing and emerging hormone therapies in breast cancer is strongly encouraged, and the outcome of these trials eagerly awaited.
